Abstract
. Furthermore, the ability to retain a 56 well fixed femoral stem simplifies revision surgery as only the head in this instance 57 would require exchange [5] . The head-neck interface however has also been shown 58 to be subject to corrosive processes and fretting that can lead to premature implant 59 failure [6] .
60
When the modular hip cannot be separated during revision surgery, this is referred to 61 as 'clinical cold-welding'. As a consequence, the inseparable implant must be 62 removed, often requiring specialised instruments, osteotomy and a new stem with 63 diaphyseal fixation. Alternatively, the femoral head may be sectioned to remove it 64 from the stem trunnion however this approach has a limited margin for error. With a 65 large at-risk population, surgeons should be aware of the possibility of a clinically 66 cold welded head when planning revision surgery, to ensure the appropriate 67 equipment is available for the procedure.
68
Several retrieval studies have reported this phenomenon in the literature [7] [8] [9] [10] [11] 69 however no study has directly investigated the extent to which cold welding is 70 prevalent within the population or the risk factors which may lead to the formation of 71 this inseparable interface. Our aim was to investigate the factors that influence the 72 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT guide surgeons during revision surgery.
To achieve this, we defined the following objectives: (1) determine the effectiveness of current intraoperative equipment at separating the head from the stem, (2) determine the force required to mechanically disassemble the head from the stem in 77 cases that could not be separated using intraoperative equipment, (3) correlate the difficulty of head-neck separation with clinical and implant factors using a control 79 group of non-cold welded hips to ascertain if the presence of a clinical cold weld can 80 be predicted preoperatively.
81

Patients and Methods
82
This was a retrieval study of a consecutive series of implants at our tertiary retrieval 83 centre. Figure 1 provides a summary of the study design.
84
Demographics (Table 1) 
85
Between 2007-2015, a total of 600 metal-on-metal (MOM) failed total hip 86 replacement (THR) prostheses were received at our centre. These consisted of 440
87
THR bearing couples that were received without a femoral stem and 180 bearing 88 couples with a femoral stem. Of the 180 received with a femoral stem, 27 had the 89 femoral head retained on the femoral stem such that the implant appeared to be 90 clinically cold-welded (CCW).
91
The 27 bearings that appeared to be CCW consisted of Biomet M2a-Magnum (Table 2) .
100
These implants were retrieved from 13 male and 14 female patients with a median 101 age of 58 years (48-78) and a median time to revision of 53 months (25-131). The 102 median head size of the implants was 46mm (28-58).
103
Disassembly Test: Head-neck separator
104
We obtained 5 commercially available femoral head-neck separators that are 105 commonly used at our institution intraoperatively to attempt disassembly of the head-106 neck junction; these were manufactured by JRI, Stryker, Biomet and Smith &
107
Nephew. Each implant that we suspected as being clinically cold welded was 108 individually secured to a laboratory bench with a clamp. Disassembly of the head 109 from the stem was then attempted by two experienced orthopaedic surgeons using 110 the 5 head-neck separators; both surgeons were informed to limit the force applied to 111 the separators to that which they would expect to apply intraoperatively. In this study 
133
developed by Goldberg and colleagues [12] . Using the same criteria, we also 134 corrosion scored the head and trunnion of the implants that were successfully 135 disengaged by the head-neck separators.
Selection of Control Group
137
To ascertain if any factor could be used to determine if cold welding had taken place 138 pre-operatively we chose the design of hip that had the greatest number of truly cold welded heads (Biomet M2a-Magnum, n=11). We then chose retrieved hips of the 140 same design that had not cold welded (n=35). We used a non-parametric Mann-
and non cold welded groups in relation to (1) time to revision, (2) head size, (3) 143 patient age at primary surgery, and (4) gender.
144
Results
145
Of the 600 failed THRs received at our centre, 4.50% were received with the femoral 146 head retained on the femoral stem such that the implant appeared to be clinically 147 cold-welded.
148
149
We found that the head could be separated from the stem using the head-neck 150 separators in 11 cases (Table 3) ; this revealed that 16 implants received at our 151 centre were truly clinically cold-welded. These were the M2a-Magnum/Type 1 Taper 152 (n=11), ASR XL/Corail (n=2), Cormet/Zweymuller (n=2) and Mitch/Exeter (n=1) 153 (Table 4) .
154
We noted that the JRI model head-neck separator removed the head most frequently 155 when the four others had failed. This model successfully separated 10 of the 11 that 156 we managed to disengage.
157
We noted that the Ti-Ti M2a-Magnum/Type 1 Taper had the highest prevalence of 158 clinically cold welding of the implants that we received at our centre. This implant 159 design was used for our mechanical disassembly test. showed evidence of mild to severe corrosion. The heads had a median corrosion score of 4 (2-4) and the trunnions had a median corrosion score of 3 (2-4).
Comparison of cases and controls
177
The design that most commonly caused cold welding was a combination of a Ti stem 
203
We attempted disassembly of the components in our laboratory to ascertain the 204 number of truly inseparable implants using all current intraoperative equipment. After 205 the use of the 5 commercially available head-neck separators, we discovered that 16 206 implants could still not be separated. Therefore, of the implants that appeared 207 clinically cold welded at retrieval, approximately 40% were able to be separated 208 using the correct equipment. We found the JRI separator was superior as this model 209 was able to successfully remove the head when the 4 others had failed.
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The most frequent cold-welded design was that of the Biomet M2a-Magnum head 
227
We correlated the difficulty of head-neck separation with clinical and implant factors 228 using a control group of non cold-welded hips to ascertain if cold-welding could be 229 predicted preoperatively. Analysis of these clinical variables showed that it is 230 currently not possible to predict which implants will be cold welded preoperatively 231 using these factors alone with an example of this shown in figure 5 , however, we 232 were unable to assess the power needed so the lack of a relationship may be due to be significant in the future. 
244
In our study, although surgeons were instructed to apply a force no greater than that 245 used during surgery while testing the head neck separates, we acknowledge that our 246 investigation may not fully simulate the intraoperative environment. Furthermore, a 247 large multicentre analysis of cold welding is required to reveal whether patient factors 248 can be used to predict the formation of a cold-weld. It was only possible to section 249 one implant and we can therefore only have extrapolated that all similar inseparable 250 implants have undergone a similar processes of corrosion.
251
Our study was the first to directly investigate prevalence and risk factors of clinical 252 cold-welding within the population. Clinical cold welding was found in 4.5% of 253 retrieval implants. Using the appropriate equipment, we found that cold welding was 254 truly present in 2.7% of cases at our UK retrieval centre. The potential risk of a cold 255 weld at revision surgery can be established using the implant design, interface 
